
DECEMBER, 1893. 

REPORTS FROM VESSELS.  

The Lake Marine Section of the FoRXast Division has re- 
ceived reports for December from the captains of 2 vessels 
navigating the Great Lakes dnring the first few da~7s of the 
month after which they merit into winkr quarters. ~ ~ , ~ i ~ ~ -  
t,ion had generally closed by December 15. 

REPORTS FROM U. S. LIFE-SAVING STATIONS. 
Throllgh tiie co-operation of the ~ ; ~ ~ ~ ~ ~ ~ l  ~uPer i l l t en~gI l t  

of the Life-Savi1lg Service nllcl the Secretar~ of the T r e a s ~ ~ ,  
the Weather Bureau has received 106 meekly transcripts of 
journals for the month of Deceinber froin the keepers of 36 
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the short period ela sed since this most. important service has been established; 
they have been hi i ly  ap reciated and will be more so hereafter. This sta- 
tion is on the t ract  of al!conimerce between the lower and npper Inlies; the 
vessels pass close to tLese islands and attention is given to the signals. The 
t!lcyhorie ha! been useful in the cases of ais casualties occurring here, besides 
giving much ~nfcmuation as to weather and tclegrams. The niimlier of craft 
of all kinds r i n g  here from April to December 15 was 21,030 steain and 
sail vessels, ,esides inany that can not be seen owing to thick weather, 
making :ti1 average dailv fin eight. and one-half motillis of about 62, not in- 
cliiding Io rafts. Ovel.’200 rraft have Leen sheltered dtiriitg storms in this 
vicinity. $he const above and helow these islniids is too much exposed for 
nlxlut 100 riii~es e:icIi way to nitow of any safe hari)ors, and the important 
services rendered here by the We:ither Bureau are niricli sought after and of 
gre:$ itilportnnce to sailors. 
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illiddle IklnwZ. Lake lIc~ro~z.-Dottald bldienzie, keeper. Deceniber 16. 
tbe storm-signal displays and telephme service furnished this s’ation I J V  the 

OBSERVATIONS ON THE GREAT LAKES. 

reports of fogs. The general report on the currents hns been 
1)r~l~a~red tmhe Chief of the Weather Bureau and Will soon 

The relation of the hurricanes of the West Indies to the northers of the 
Mesican coast was partially elucidated by W. C!. Redfield in a memoir pub- 
lished in successive numbers of the American Journnl of Scieilce for 1814 
(second series, Vol. 1). Having found that the norther of October 2, 3* aind 
4. 1887, at &taiiioras, wns sim ly the western side of a West Indian hurri- 
cane about to recurve i n  its pat[, and having f h n d  that the paths of other 
hurricanes were apparently affected by the high Ixtrometric pressure on the 
nort.hwestern side. citusing then1 to inove east-northeast rather than north- 
east or north-northeast, he framed a hypothesis that all Nesicnn and l’esss 
northers were connected with hiirricnnes. In his memoir lie theretbre traces 

Nesico or in the northern portion of Sooth Amrrica, respectively, but not 
necessarily any hurricane, properly so-called. The flow of cold air deternlines 
the fiirm:itinn of a hnrricane center somewhere within this general depression 
if a11 conditiolis are firvorable. I n  a similar way, a general de xession in the 
Indinit Ocean is fdowed by an inflow of cooler or drier air and the formation 
of a typhoon center somewhere within the general depression. So, also, the 
typhoons of the China Sea are sonietimes determined by the flow southward 

1he norther that began September 1842. at Vera Criiz airid was at its 
masitnuni by midttiglit had moderated iliaterinlly by October 3, but. the wind 
conlinrwd northwest iintil October 4. (.)n the 29th the Xesicnn brig I ‘  Se- 

, of,ajr from the interim of Asia. 

ing storms. On the other hand, the study of tlie IT. S. Weather Maya showed. 
even i n  1871, that a norther flowing over Tesas and the western portion of the 
Gulf of Mesico was not always preceded by a hurricane to the southward. 
althongh i t  was generally preceded by a baronietric depression of several 

:is die sailed eastward through it the wind became northerly in the centrail 
portions and northwest as she passed eastward from the center, so that she 
was driven near to the C:rmpeche batik. 

These sild otlier reports gathered by Redfield are consistent with a rather 

1898 (see low areas 111 and XV of that month), apparently belong to  that. 
same class. Redfeld’s hurricane of 1842, Angust. 50 to September 9. p i r -  
sued a track that. kept remarkably close to the parallel of N. 23O, and is lie- 
lieved by him to have passed froni the Atlantic to the coast of Dnrango. Nes- 
ico, where the reports from stations sliow that a violent north wind, followed 
by a calni and then a furious soiith wind. advanced westward to iibont 60 
rides from the coast. after which it reached the table-land and was heard from 
no more. I f  this storni on the lowlands of Mesic0 was really tlie contiliua- 
tion of the hurricane esperienced a few days before in the Bahamas. it adds 
one more to the list of whirlwinds broken up by impinging upon the land, 
but does not diminish the number of cases in which cool and dry northerly 
winds blowing from the land upon the warn1 water of the Gulf i i f  Mexico or 
the Atlant.ic ocean have contribnted to tlie formation of a new whirlwitid. 

A norther prevailed at Vera Crnz from September 29 to October 5, 1842; 
its maximum force was a t  midnight, September 30. Redfield states that the 
hiirricane of which he considers this to hare been the western quadr:rnt must 
therefore have been moving very slowly at. that. time: thet. this protracted tlu- 
ration is not nnfrequent, but rather common in the northers at Vera Cruz; 
that this may be ascribed with probability to the cessation of the westerly 

8 front and on either side the air has to piish iipposing air away, and there is, 
therefnre, ? ste:rdy outllnw so that on the easterly side of the axis north- 
westerly winds are found, while on the western side northeasterly occur, and 
these tn:ty curve nroiind even to westerly and easterly, respectively. The 
winds on the western side of the nsir, are moving i l l  the won  direction to 
form :L perinanent cyclonic whirl, they are pusliing toward t.lie Ifesiean coast 
and piling up climds and possibly forming lncal sniall~wl~irls before thev reach 

I the trtble-l;mds, so that an observer on the table-lauds, Iciaking northe&tward, 
sees the ocean of clouds below him long IJPfore he feels the northeusterly 
wind, even if it comes at all: it thus hnppens that l’ainyico and hlataniorns 
experience these winds several days Inter than Vera Crur. On the eastern 

’ side of the axis the dt4lecticm of the wind coilspires with the rotation of the ! earth to the formation of hiirricanes, which siibsequentlv ninve northeastward 
over the Gulf of Mesico with rapidly incrensing velocity. 

Vessels that keep near tlie Mesican coast. avoid the severity of the gale 
that, prevails 50 miles ayay to the ecistward, brit they psperience short-lived 
whirls and sqiialls; fi-~r instance. Redfield qiiotes from t.he record of‘ H. hl. 8. 
“Thunderer,“ in December, 1840, a t  Vera (.‘riiz; just hefore the iiortlier 
~oiiimettces the scud can be seen overhead progressing rapidly froni soutlienst 

the volcanic smoke and the upper clouds of these regions continue to flow 
from west-sout.hwest undistiirbed. 

The maps of International Simultaneons 0bservat.ions indicate quite clearly 

ricanes blow on the Pacific coast of Mesco, and. like the ‘ihIuertos.’7 are 
due tu the area of low pressure that then prevails from Arizona sonthward 
and soiithwestward. When this area of low pressnre disappears in the winter 
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as “ Papagello,” “Ta .tyaguas,” or “Tehuantepec,” which are violent from 
the northeast and nortEnortheast., and represent the flow of dry, cold air from 
the Mexican plateaus down to the Pacific. These various styles of northerly 
winds are, of course, to be dist.in uished from the northerly gales that descend 
frum Tesas, and are known as tfe “ northers of Tesas and Vera Cruz,” and 
which also extend to Yucatan, Hondnras, and occasionally to Panama; but 
when they estend so far sonthward as this they itnply the presence ot’a severe 
hurricane passing fiom the West Indies northward into the United States. 
On the norther of December 1, 1893, Prof. 0. Battitrnni. i ~ f  tlie Meteor- 

ological Observatory of the Literary and hfcrcatitill: I~istitiite at Vera Cruz, 
reports to the effect that it. lilew with estraiirdinary violence, catusing serious 
damage and some loss of life. ” My olJst.rvn.tory had frirewarneii the l’ort. t , f  

Vera i h z  that a strong nortlirr niiglit I.IC esliected between NiIvenilier ?!.I 
and December 1, aid it actually began with a fteblt! nurtli witid on the :31)tIi. 
which continued tbroughoot. the day until il IJaClied in the eveiting t o  west- 
southwest. Dnring 1)ecembt.r 1, the winil \vas froin eust-soiithcast :end r;nuth- 
east rather st.roiiger thaii ordinarily, bot nnt esceeding 8 tides per hour and 
backing to the sonth dnritig the night and fintilly retiirniiig 011 the %I t o  east- 
sout.heast. 0 1 1  the !!(I the witid again Iia~lis froin east-suiitheiist to west. and 
then sont.Ii retnriiing to east-sontlieast, tr:id, finally, by 1 a. in. of the 8d. to 
west. On the Sd m y  oliaerv:itory 1ioist.t.d the siprial: ‘the norther is at 
hand.’ Dnrittg the nights of these days lightning without thnnder conlinucil 
uninterruptedly. During the daytime the p:lIis of Orizaha, thc ‘ cilfrc ’ nt 
Perote, and all the pedis of t.he Cordilleras showed all tlie syniptc~tns that arc 
invariably preliniiiiary tn H norther, the volcano of Sitii Aiidres :in11 the Sierrit 
of 8an Martin were clearly risible after the Ist, the typical cloiid of which 1 
have previously sp)lien was imperfectly fimned on the lst., hiit Iiert’ect,ly 
definite at 4 p. in. of the %I. l ~ u t  its position on this nccasiim \vas to the 
west-sont.hwest instesd, as ordinarily. to the west-northwest. 

‘LDiiritig the nights froin the 29th to the 2d the sea roared innre than it 
nsially does; the noise increased on the 1st and the %I t,o a reniarkrtlJle de- 
gree: the sea coiitiiined very high. and the snnset of the 2d showed persistent 
reddish tints nf a very pronounced copper-red over the whole horizon, esceld 
from the soiith t ~ i  the east-southeast.. 
“On the 3d day h o k e  with the wind from the wwt., at 8 a. 111. it wiis liorn 

the nnrthwest. very feeble. and at 9.38 nenrly north. h i t .  cnntinnsil werik. A 
thick, black cloitd, resting nn a thick layer, rillled along from the north-north- 
east rapidlv to the went, and an hour later the clouil sndilenly s l i r d  and the 
first gnst, with a velocity nf 10 miles per Iiour, was felt. at the nbservatory. 
At midday the velocity h i d  dl-iiibled; :it 1.80, Ilu:idrupled; aid afterwards it. 
increased until it reached a velucity of ti0 miles; it continned, with a mean 
relocity of 55 miles, for innre tlian seven hours; the whirling gusts were SO 

violent that they demolished the wdls of the hnuses most esposed to them. 
“The wind continued. with terrible gusts, until 10 p. in . ;  at 11.20 p. in. its 

force seemed to diminish. but from midnight until 3 a. in . ,  Decemlier 4, it 
returned to its former violence; at 4 a. ni. it had a velocity of 41) miles: at I; 
a. m., onlp 30; at 10.24 a. in., and. fin:iIly, at. 3 1’. in. ,  only 15 niilrn prr hour. 
The schooner ‘ Jamapa’ was dashed nn t.he coast, as well as several other 
vessels of leas importance. Three hoiiscs in the snburbs fell t.o the ground, 
killing a poor womim and \voonding 2 other persons; the worlis of the prirt. 
snffered also; in the city the roofs of several houses were blown off’; at. I,a 
Piedra, nearly 10 leagues from here, the same thing occurred; ircm plates 
were carried 80 meters; at Soledad alsn. 10 leagues distnnt, the wind ture 
up t.rees and marked its passage with disaster everywhere, particularly t o  the 
working class. 

If now we turn to t,he United States Weather Maps we find that. an area of 
cold northerly winds was advancing rapidly sonthward on t . L  2d ant1 8rl frllni 
the Daliot.as, Colorado. and New hfesico to the Tesas coast. The front. line 
of this cold wave is the region where comparatively warm sout.lierly winds 
are sndden1.y displaced by !.he nnder-ritr~ning current of cold nort.herly \vinals. 
This is the front of the nort.lier. and its progress may he distinctly tr:rced liy 
the shifting of the winds at the Wcather Bureau stations. I have drawn lines 
showing t.he progress of this advancing norther during the 3d and :M, whicli 
are introdnccd on ilia i ‘No. I? and show that althongh its progress was quite 
uniforni over t.he land area at a rate o f  about 40 miles per honr in a swth-  
easterly direction fiom the ?<I. 8 a. in . ,  iintil the :hl, 2 a. ni.. and even after 
that, as it passed over the Atl:iittic Statrs and tlie niainland of Mexico; yet 
the niiinient this air reached t.he Gnlf co& lwtweeii Galvest.on and Cnrlius 
Christi it donbled its rate of a?mnce toward the sonth and reached \:era Cruz 
at. 10.80 a. m. of the :Id, nr eight. hours aRer leaving Galvestoii and Corliiis 
Christi, being a t  the rate of aliout 80 miles per hour. It Imbally reaclicd 
Frontera, hIexicn, and Campeche and t.he west coast of Yucatan wi t l i i i i  a11 
honr after tonching Vera Cruz. Throngh t.he central pnrtion of the region ot 
flow t.he winds ninst hare been north-nnrtheast and north-northwest. as sho\vn 
hv the northerly arrows; to the east of this region the winds wonld iiiclitie t.n 
Girthwest, while to the west of this center they woiilrl incline to northetrst. 
as, in fact, is alsn olxerved tn be the case with the winds at stations on latitl. 
The north and northeast winds between Vera Crnz and ’I’ampico p r d u c e  the 
temporary whirls and gnsty weather experienced along that. coast.. The north 
and northwest winds esperienced fkom C‘ampeche to Florida on the 2d and 
4th must have conspired with the rotation of the earth tn increase the circiila- 
tion around a storm-center t,hat was apparently east of Florida and nnrth of 
Cnba on the 4th. 8 p. m., and that sihsequently developed into low are? No. 
I V  of the United States series. Thns. the norther on the coast of Mesico IS 
an incident in the flow of cold air. as it followed behind low area No. I and 
niored onward to meet low area No. IV. But, in accordance with what little 

This norther was alw felt. at. Tampico.“ 

we know of the mechanics of the atmosphere, it does not seem proper to consider 
either of these low areas as the muse of the inflow of this northerly wind, or of 
the high barometer and low tem erature that attended it; on the contrary, it is 
more rational to keep in mind %e great areas of moderately low pressure and 
to say that the descent of air into these from the areas of high pressure usually 
init.iat.es the whirls and special lows that we call storm-centers. 
TEMPERATURE OBSERVATIONS AT THOMPSON, W I N D H A M  CO., CONN. 

Miss Ellen D. Larued commnnicates the following suniniary of her obser- 
vations a t  Thnmpson, Conn., N. 4l0 W, W. 71’ 50’. She states that her 
record hegaii January 1, 18555, and has been coutinned uiiinterruptt?dly, escept 
diiriiig the years 1SS4-‘85 : ‘* I: have t.alien great pains with the observations 
ai111 siiniinarirs and think that they are mainly accnrate. I was absent in 
.liiiie, 3858, )Jilt t.he niasiiniitn temperature for that niotith was recorded by 
niy 1mrent.s. My thermometer hangs in the same shelter as at first, bu t  the 
trees have heavier fuliage SO that fnr a number of years thc inercnry has not 
risen SI) high as formerly, and since June 34, 1W4, it has not. risen above 90°, 
hut  it. is llerfectly opcn on all sides and the position is a good one. The 
esact Incatiim is on a hill.in the towii uf ’I.’honi ison.” Miss Larned is well 
li111,\\’t1 as the aiithor of the ” History of ~ ~ i i i t l / ~ ~ n i  County,” one of the most 
iinpi~rtnnt C I J I I I I ~ . ~  histnries t.hat has been IiulJlished. This county has been 
settled sincc 11;80. and it. would Le very interesting if sonie one as familiar 
with the snhject as Miss Larned could gather together the scattered items 
that. inay be on record. and which wonld present n, nearly complete history of 
the climate and met eorinlngical phennniena dnring the past 201~  years. A list 
11f i *  coldest days” at. Thoinpsoii will be found -in the MONTHLY WEATHER 
R ~ v t w  for May, 1848. 
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.Ianuxry.... 22.46 
February ..I 16.01 

~ar;h. ... ..I 31.05 
April ....... 44.50 

Bhy ........ 9.00 
June.. ..... 65.16 
J u l y .  ...... 69.89 

! 
August... .. .j 67.36 

Srptem1)er .i 60.60 
ucto1)er .... I 49.40 
Novcnibcr.. 38.5s 
D e w  nilner . .I 27.95 

diirriial nrenn tei 

pertrtrtrP uhseimfioiis, 1853 fn 1834 (oiniifiJy/ 1884 and 
p o r i ,  Wirrdhnnb L‘u., C‘niiii., by Miss Rllcii I). Lnrned. - _  
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I 
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Miniina. Maxiinn. ’ Minima. 

~ : I  : ,  
I l l  I ‘ I  I 

Year./ Mean. I Year.’ Day. Temp./ Sesr.’ Dny. Temp. 

. .  ~~ ~ ... Tlionipsrrtt, Witdhnnb Po., Cuiin., so far  aa 
reports are at hntul in the nrcli~ives of the llinther Bureau. 

........ _ _  -_ 
Year. Mean. 11 Year. Mean. 1 1  Tear. I Nean. 11 Year. I nlenn. 11 Year. I Mean. 

__ ..... -. - . ....... I 

....... ..... ..... ..... ..... ..... ...... ............ ..... ............ ...... ..... ..... ..... 
46.4 

..... 44.4 
47.8 ...... .... ..... ..... 

IS~Y.. ..... .. ... ... 47.6 ...... ..... ..... ..... 46.a 
! 

I 
....... Avernge i 46.8 

T H E  OBSEKYA’l’IOX OF THE HIGHEST CLOUDS. 

An observer at Potusi, Mo., reports that. at 5.20 a. ni.. December 16, there 
a~ipeared in the sky nearly overhead a bright redness nf a tint like that of the 
rising snn;  it 1a.sted for about tifly seconds; it covered an area whose outline 
was that of the tigore known in geninetry as a Inne,” whose southern vertex 
was sautheast of the zenith, at a point cnrresprmditig to t.he position of the snn 
at 11 a. ni., and whose northern vertex was a ~ J O l l t  the same distance north- 
east. of the zenith, so that its asis lay almost directly north and soot.h. This 
reddish light was nnt cawed by a comet or meteor, as inany snpposed, nor wag 
it an tiurornl light, lint was evidently the il1umin:ition by the sun’s rays of a 
high, delicate cirrus cloud. On that mi~rning a region of clear, cold air. was 
morrtig eastward over Missouri and all the clnrtds above Potosi (N. 8 8 O ,  W. 
90) must have been composed of snow or ice spicule whose reflections are 
more perfect t.han hose  from globules of water that form ordinary cumulus 
clonds. The region to the erst of Potosi for several hundred miles had ex- 
perienced rain or snow and was covered with moist and clondy air; the sunk 
rays, as seen through snch an atmosphere in the early morning are generally 
of a cherry red color, due to the absorption of the more refrangible green and 

_- 
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blue rays by the moist atmosphere. At 6.30 a. m., December 15, at Pot.osi, 
it  is about 1 hour and 40 minutes before sunrise, and allowing for the re- 
fraction by the air we find that if the cherry-tinted rays of the sun were at that 
time to illuminate a cloud in the position seen by the observer at Potosi the 
cloud must have had an altitude of .at leust 10 miles. In the course of a few 
minutes after sunrise we ordinarily observe the cherry tint of the sun’s disc to 
become yellow and finally whit.e, owing to the fact that ita rays no longer pass 
through siicli a long stretch of the dense lower atmosphere. In the sanie 
way at Potosi the reddish-tinted cloud, in  the course of a minute, begins to be 
illnniinated by the rays of the purer sunlight and appears pale white instead 
of red, and becomes indistinguishable froni the general whitish haze of tlie 
sky. This accounts fur tlic tict that the observer saw the haze last. for only 
about fifty secot~ds. 

In order to determine the heights of the highest cirrus clouds oiily two nieth- 
ods have as yet been successfttlly attempted, itamely, the ~neasurentent of alti- 
tude and azitniith by two or more observers some distance apart, or otherwise 
the deterniiiiation of the exact time at which clouds are first seeti illitniiniited 
by the tuorning sun, nr last seen by the setting sun, coupled with which should 
be an ap ro\iniate deterniin:ition of the altitude and azimoth of the clonrl. 
In the c&a:sk.y of the early n~ortting, and especially i n  the dry weather of 
summer, observers will be surpriscd to tind how very early in the mor~ing  
these delicate clouds may be observed, whence it fiJlhJ\\.S that they inlist be cor- 
respondingly high, in fact at latitude 5 9 O  :tnd on tlie20t.h atid 22d of June they 
are reported to have been seen at midnight when the sun is only 16O below 
the northern horizon. 

At this time the siin was rbout 18’ below t.he horizon. 

T H E R M A L  B E L T S ,  FROSTLESS B E L T S ,  OR V E R D A N T  ZCISEB. 
These are local iianies given to certain regioiis on nioitntain sides within 

which nocturncll frost rarely or never occurs in the spring time, altllongh 
freezing tempernt.~ires occur i n  the winter time, couseqnently tender vegeta- 
tion floiirishes wit.h reniar1i:ible vigor in these regions. The following are the 
only references to thermal belts in the United States at present kiiown to thit 
editor, h i t  as such rcgions are esl~ccitdly in~portsltt. t.0 the horticulturist and 
agricultnrist it is hoped that the correspondents of the Weather Bureau will 
Lring these tliernial belts to notice wherever they occur i n  order that their 
meteorol~igical peculiarities ntay be Iietter utiderstood. 

In the Agricultural Report of the Parelit Ofice fur 1S61, Mr. Silas McDowell, 
of Franlilin, hlac-olt Co.. X. C . ,  describes the verdant zwie in that coutity 
in  the valley of the Litile Tennessee River; it occi~pies the region IJetwen 50(1 
and 700 feet alJove the vdlcy ot’ tlie river, ahich latter is aIji:iut ?,OW feet 
above sea lercl: on tracinrp this zone i111 a~niing the snialler tri1mt.arit.s of the 
I ell nessee River, lie fi,nii% 11i:it. in the hig~ier valleys, where the ~iottoni ~atill 
is aliout 3.!JW t e t .  itbove sea level, the vvrdant z m e  lies \let\Vt.ell 4,000 and 
4,1uO. Wit.liiti this zrme tiwst never itjrirea the regettition and the most 
tender grapes never thil to )reduce abnntlant crops. 

Prof. J. W. ~~i icker ing ,  Jr.. i n  the ~) i i~~et i t i  of the Philosop1iic;il society cJt 
TVashiiigton, March, 1882, and in  the American Meteorological Journal, Vol. 
I, aescribes the followii~g thermal belts: 

In  Polk County, ?i. C., along the eastern slope of the Tryon Moontai~~ 
range, in Ii~titiicle N. Xio, the thernial belt begins at. the base of the nioiuitain. 
at sit elevaticlu of 1,200 feet above the sea, rind extends II 2,200 feet, Iieitig 
most perfect at nlmlt 1,500. I t  is a~Jont 8 iiiiles long, a n i  distinguis~ieil by 
magnificcnt flora such as would be cliaracteristic of a point 3 O  south of the 
actual latitude. 

Prof. John Leconte. of Berliley, Col., i n  Science, Vol. J, p. 278, states that, 
at Flat Rock, near Hendersonville, Henderson Co., N. C., 011 the Hank ot 
the nionntaiii spir  adj;tcettt to the valleys of the Blue Ridge, he has also ob- 
served :~ frlJStleSs zone; the r:illey is alJlnllt “900 feet above sea level, and the 
therniiil belt is 2000 or SO0 feet above tlie vallev. 

Mr. J. \\‘. Pilie, of Viileland, N. J . ,  states tliat aniong the mountaitts of Cal- 
iforilia he has observed that during tlte night the cold is ~nocli greater in the 
valleys than oti the terraces scveral liut~rlred feet. above. diic to the settling ot 
the cold air, so that a thermal belt is formed at. that height separating the 
frost.y vallevs from the ciilder higl~lat~ds. 

In the l‘eitnessee Joiirnal of Mcteorol~igy iiir Janiiary, 189-1, pul~lislierl by 
that State Weather Service, the author rlescrilies a thermal belt. between 1,os 
Angeles mid the l’acitic Oceatt; it. traverses the foot. hills of rite Cahiiritg:t 
range and has an elevatinn of between 200 and 400 feet, atid a breadth ot 
about 3 miles; it occitpies tln: inidway region nf t.lie range. 

In the American hIeteorolngica1 doiirn:tl, Vol. I, Mr. 8. Alesander 
describes a thernial belt, i n  which the ~ m w h  tree flourishes, i t 1  the south- 
eastern Jortioii of Michigan: he slioas that. the cold isliind discovered by 
Winchel/ in that region is really the bottiiin of :i to~~ographical depressi~nn into 
which the cold air settles; it is a long vi11113y surrounded by a belt of elevated 
country from 60 to 600 feet above lakes Michigan and Huron. The valley 
and the isotherms trend northeast aiid suuthwest from Huron County t l~rc~t~gh 
Sanilac, Lapeer, Oaklatid, Livingston, and \\‘asht.enaw to Hillsditle cniinties. 
The higlilands of this region are all niitch freer ti-oin frost than the I~~wlnnds, 
and all niuclt more favoralde tu early vegetation. He does not state that any 
point is hi h ennugh to be :hove the tlternial belt, lint that. in general, two 
q u a l  p a r ~ l e l  tlieriual belts inclose the coli1 island between them. 

I t  is generallv conceded thilt these tliertnal belts depend both iqwn the 
drainage of cold air downward into the lower vdleys ;itid the freedom of 
radicttion froin the surface of the ground to tlie clear sky overhead. 
a still night when frosts occur the surface nf tlie hillside cools IJY radiation an! 
hence cools the air in  contact with it; the latter flows downward as long as its 
cooling by radiation and condnction exceeds its dynamic warniing by corn- 
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pression. Inasmiich as ita cooling depends on contact with a still colder soil 
or plant it soon accuniolates in the lowlands as a layer of cold air, which grows 
thicker during the ni ht by the steady addition of the thin layer of descending 
air in  contact with %e ground on the hillsides. The warmer air, that has 
not yet had an opportunity to cool by contact with the ground, floats on 
top of the cold Inass; it spreads out toward the hills, and is continuou~ly fur- 
ttisltitig its heat tn  the adjacent hillsides BS fast as it conies in contact with 
tlieni before it  also cools and desceitds. Tht: forniation of the thermal belt 
seems tiJ depend largely upon this geiitle circulation during the night time. 
l’lie lower limit of the belt is defined by the depth of the accumulation of cold 
air in  the confined valley and rises higher i n  proportion as the night is clearer 
:tiid longer. atid also i n  proportion 11s the valley is more or less perfectly 
inclosed; the npper l i i n i t  ot the the thernial belt n t y  depend upon the 
strength of the witid snd the general temperature of the air, but  it there be no 
wit i i l  then it depettds equally on the freedom of radiation to the clear sky and 
c m  the above-described circulatinn of air. 

A COM€’.~ItISOK O F  PREV-4ILINCr AND RESULT.4NT WINDS. 
{Jwing tn  the labor involved in computing the resnltant wind for each 

month. it has 1xe11 the custom to select the wind that occiirs most frequently 
ani1 speak of that as the prominent feature in  tlie wind movement at each 
statiiin; sncli si)-called prevailitig winds have been published on Chart No. I1 
of the h 1 o N i w I . Y  \VK.:A~’HER RWIEW during the  receding years, in connection 
with the isubars and isothehns for earh niottth. It is, however, evident 
that if the isnbnrs and winds that. prevail at any moment are to be compared 
with each other then eqiially I U I I ~ I .  the ntean isobar and the mean wind of the 
mmth nr gear I r r  conipared. If there were But slight changes in barometric 
pressure :tiid wind direction at any station during the month, the inclination 
of the tilenil wind to the me:m isnhw would be a simple linear fiinctio~i of 
the inclinaticins shown on tlie individual sinioltaneous m a p ,  h i t  as pressure, 
:tnil es1.1ccially wind direction, go tliroiigh a wide range of diurnal, annual, 
:iiid non- wiiidic changes, it is ttot nccess;iry that any niinl:~le relation should 
hold g u J  ~J~?t\Vet! l l  tlte niotit~i~y ineans nnfI tlie iiidividtia~ values, escept in 
seas~ns nt‘ steady winds. By the niean direction of the wind must be under- 
stood :i resultant based II  on all iiidividusl observations and already, niauy 
years ZI~IJ,  tiiefeorologi;.ts tiad discussed the question as to how this resultant 
& ~ L l ~ d  lJ&t. Ill! Clllll]JlltL‘d. 

I h f .  .I H. L‘otliii, i n  his ” Rinds of the Northern Hei&qhere,” Wash- 
ittgtoli. l85:1, showed by an estensive coinputtition that no great error would 
IJt’ ~ ~ r o ~ ~ i t c e d  i n  tlia c1imatologic:il results that he published if Lambert’s for- 
n i i i l a ,  or siniiie eqoivalei~t~ tiiiitlysis of the winds, be applied on the essuniption 
that. the wind IJIIJWS with eqiiul force or \&)city from each of the recorded 
dirc.ct.ions. III irriler to eetablish this generalization it ww necessary for him 
to c;ilcnlsle the resdtiiuts, both for the act.ua1 oliserved wind force and direc- 
tinn, and :igain fiir tlte :issumed uiiiforui velocities: thin calculation he carried 
imt for observatiuus during :<!I7 ~nontlis at 103 difFerent places. I n  1857 he 
executed :I inore extensive discussion o l  the siihject, based on an aggregate of 
P.689 i~miths  at 418 places on the Amaricatt contirtent, the olJserrations 
I~sving osiiallp been made three tinies :L day; the result of t.ltis great work is 
given in Cotfin’s “ l\’inils of the  globe,'^ Washitlgton, 18i5, yp. 638-656, 
where tlie discussion is alsu estended to iiiclude the tnovenients of the clouds. 
By charting his results he was alile to shuw that I J O t h  the magnitude and the 
direction of tlie “resultant wind niovenieiit,” computed by taking strict 
accoiiiit of the velocity of the wind, differed systetnaticnlly from the inognitude 
and directiuii nf the ‘. resultatit wind directiun,” coniptited I J ~  assuming all 
winds to have ail eqital velocity. I’hese differcuces niay Le coilsidered small 
and negligible itt a general survey of the cliiiistology nf the globe. hiit become 
ini iortant when we stnily the laws of the niechanics of the atmosphere. 

‘ h e  estd~lisltmeirt of “ dooble registers’! and “ tyiple registers,” giving 
contiiiuriiis records of the direction and n ~ ~ v e ~ n e t i t  of the wind at Gi statione 
of the \Veittlter Bureau (the otlicr statiuiis Iiiive registers of niorement only), 
fiirnishes illaterid for a niore thorougli investigation of this siiliject within 
the United Stater than \vas practic;ilJle to Prof. Cottin, who relied mostly upon 
olisrrvations t:ikcn three tinies a day i n  ;dl 1wts of the widd. I t  is now 
pruposed tn andyxc  the wind records :rnd tlealuce the resitltants for these 67 
st.ations of cottt.intions registration, :ml tn ptil)lidt the results ~nonthly in this 
REVIEW daring 1S:U. The first. poitit 1 s1i;tll consider is how nearly the re- 
sidtaiit ~novcnient. cdculated b). giving a IlIYJIlCI’ weight to each velocity, will 
:tgrc.e with  the resultant. ilirectiuii, calcolaterl by assuming :L uniform velocity. 
As nothing dclinite ciait I J ~  at. prcsent stated in  respect to this qnestioii. more 
tlintt what h:ia hcen given liy Cofiii i n  1855, and IJY Supan i n  1881 in his 
” Statistics t i t ’  tlie 1,owr Atnicisplleric Circulation,“ and us it seeins nn the 
other hand necessary tu priitt in conncctinn wit.h tlic niontlil~ isobars some- 
thiitg niim apl~rnpriati? than the “ prevailittg wind ” deduce from observa- 
tiow at R ii. ni. and 8 1’. in.? it is proposed ti) publish tnonthly during 1884 on 
C11:trt So. I1 the ‘*resnIt:iiit wind directions “ deduced from the 8 a. in. and 8 
p. 111. ob,<ervatiolts. :itid to sn~~stitute, at siinie fiiture tinie, such further im- 
provenients as may be slinwt~ to Le necessary after a study of t.he “r&ultant 
win11 ntovetnents ” dediiced from self-registers. 

The resultant ~u~veriients fhr the 6 i  stationr of self-registrotion ba3ed 
apon the hciurly readings of the sneiitographs, or on abont 720 observed 
hotirly movements in  81 month of 80 days, will he given in tabular form about 
as i n  the present article; the resoltunts fnr tlte reniaining regular Weather 
Btire:ru stations iuiist necessarily be based 111ron the nbservations made at 8 
a. IU. and 8 p. i n . ,  75th nieridi:rn time (or  the hoiirs for which the weather 
maps are compiled daily j, and they will therefore need a correction to make 
them couparable with the results of self-registration and with the monthly 
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mean isobars; this correction must be determined empirically when sufficient 
data have accumulated . 

The following table ( A )  cont:iins the necessary data from each self-register 
for the month of December. 1x93; the contents of the columns are as fullows: 
Columns 3 and 8-the prevailing wind. viz., that most freqiient.ly observed. 
its direction. and dnration in hours . Columns 4 and 5-the total moveinent in  
all directions for 744 hours and the average hourly movement found by 
dividing by i d 4  . Coluton ti-the "resnltant direction. " a ~ ~ ~ i n i i t i g  the iv inr l  
to have always a nnifimn velocitv; this is equivalent to giving each lioiir of 
wind and calm alike the same weight. and as tlie few blnnks that occur ill the 
registers have been approsimrtely interpolated. or iiniformly distrihiited. this 
resultant niay be assunied to be based on the coni dete month . Column i- 
the duration in hours of this resultnnt. considered as H wind that Itas blown 
with the average velocity that was implied in the above asslimption of II 
uniform velocity . Column 8-the approsimate average velocity 111 this re- 
sultant direction . found by dividing tlie resultant movement. espressed i n  
miles in column 10. by the resultant duration. expressed in  hours i n  coliimti 
7 . Column 9-the direction of the ' I  resultant movement. .' computed by usiiig 

the miles actually traveled each hour. as read from the registers . Column 
10-the resultant movement itself in miles . Column 11-the azimuth of the 
resnltnnt movement will ditfer from tlie nzininth of tlie resultant direction in 
propclrtion as the wind velocities are unequally distribiited among the points 
of the compass; the difference of these two azimuths is given in  colmin 11; 
azimuths are counted around the circle froin zero at the sontli through 90° at 
the west. and if the azinioth of the resaltunt . movement is greater than that of 
the resnltnnt direction the difference in  coliiniii 11 is called posiiire; the azi- 
muth of tlie movement is eqnal to that of tlie direciioii ,Ius the Iinsiiive. or 
in innn  the negative . ditferenccs given in coluniii 11 ; t Aese cliffweilces are 
usually quite shall. but the estrenie miige is froni pli ix  3 V  to minns 45' and. 
on Iwing charted. they are seen to be grouped together i n  siich B w:y as to 
indicate that the stroiiger winds in one portion of the conntry are innre north- 
erly. sontherly? e.isterly. or westerly t1i:ln is consistent with the assiimptinn 
of ;I uniform wind; thus it happens that the resultant nioveinent differs 
systeniatically fronl the resiiltant direction for at least two reasons. i . e., (1  ) 
very Inral peculiarities of instrument:rl expowre and topograllhic coiltoor. (2 )  
very genepl peculiarities of the atmospheric circiiletion and the paths of high 
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53 ! Intliunupolis,fnd ............... 
55 Cineinnuti Ohio ................ 
55 i ~ ~ t u m ~ ~ u a , ' O ~ ~ i o  ................ 
5b I I IttSlJUI'g, Pn ................... 

aud low centers; in December, 11r93, positive differences are largely con- 
fined to the II )er and lower Miasissip i, the lower Missouri, m d  the Ohio 
valleys, the h&dle States, and New ingland; another ositive group ex- 
tended from San Francisco, Cal., to Olym ia, Wash., an$ these roups are 
connected b a belt of positives represented!$ Salt Lake City, Utaf, Denver 
Col., and Amaha, Nebr.; the negative di erences lie niostly north and 
south of these regions of positive differences. Column 12-if the wind move- 
inents were equal froin each opposing air of points of the compass the 
resultant nioveiuent in column 10 woulfbe zero no matter how large the 
total movements in column 4 iiiight be; therefore, the ratio of column 10 
divided by colnnin 4 gives an approsimnte idea of the extent to which the 
resultant movenirnt or resultatit direction has irerailed over the other winds 
of the month; this ratio would be unity in the dea l  case of wind blowing from 
one single direction only, as is very nearlg the case in  the midst of tlie trade- 
wind  region; the ratio would be zero in the ideal case of 011 msitig day and 
night breezes of equal strength; during December, 1898, co\iitnn 12 shows 
large ratios at Helena, Mont , Ice West. Pln., and OIymnlA, W:di. ,  and 
small ratios at  Keeler, c ' ~ I . ,  ErIempiis, Tenn., Dodge city. ~ians. ,  n n ~  s:iiilt 
Ste. Marie, Mich.; on cliarting these ratios we perceive that in nivuiitainuii* 
countries the topography has much to do with increasing the niunbrrs. h i t  
that in  a level cnuntry they depeitll npoit \\hat :we culled the "stcady iniive- 
nients" of the atmosphere, viz., either n steady How in one directi tm. a< ill 
the northeast trades, or a steady iln\v i n  rP-cntraiit cnrres, i n  the diurnal 
land atid sea. mountain and 11luin brecxes, or the monthly nionw:iti Iireezes. 

Table B gives, for 1 4 ~  stiitions, or all t1i:ir t d i c  obsrrva:ioiis at 8 a. in. and 
8 p. ni., the four component directiuns and the resultant directinits, liasrd am 
these two observations only; the total nii~renient f!Jr the whole moiith, :is re:itl 
frnm the dial of the Robinson nnenionirtw, is given in  the table clf  C l i l l l n t < J -  
lyical  data: any dediicticms that inay be drawn from the study id' the COII-  
tinuoils registers at  67 stations can, thereftire. be apl~lieil to the drit:r ti.inn :dl 
other stations, as given i n  Talde J3. By additig the four components ftir the 
stations comprised i n  each geographical divisiott we can ohlain the cirernge 
resultant direction for that region, and in  the same way w e  ilia! o h i n  tlie 
average for the whole United States. 
TABLE B.-Rrsultrort zriircls fro111 oherrwtioits at 8 a. 111. nnd S p .  it#. daily. 
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